Background: Weight loss limits cancer therapy, quality of life and survival. Common diagnostic criteria and a framework for a classification system for cancer cachexia were recently agreed upon by international consensus. Specific assessment domains (stores, intake, catabolism and function) were proposed. The aim of this study is to validate this diagnostic criteria (two groups: model 1) and examine a four-group (model 2) classification system regarding these domains as well as survival. † BD and SGB have contributed equally to this manuscript and are to be considered as joint first authors. 
introduction
Cachexia affects 60%-80% of all advanced cancer patients [1] , and its consequences are devastating as it decreases physical function and quality of life, and shortens survival [2] . Cancer cachexia is a complex condition that is not yet fully understood and there is no standard treatment available [3] .
Traditionally, patients with a weight loss of more than 5% of pre-illness stable weight have been considered to have some degree of cachexia, but other cut-offs have also been used (e.g. >10%, 2%) [4] . A three-factor model incorporating weight loss (≥10%), low food intake (1500 kcal/day) and systemic inflammation (C-reactive protein ≥10 mg/l) was tested by Fearon et al. in 170 advanced cancer patients [5] . In this study, all three factors had to be applied in order to identify patients with both adverse function and shortened survival.
Recently, an international panel of cachexia experts initiated a formal consensus process to agree on a common definition and a framework for the development of a new classification system for cancer cachexia [6] . Weight loss, body mass index (BMI) and levels of muscle mass (sarcopenia) forms the basis of this consensus definition. Additionally, information about anorexia or reduced food intake, catabolic drive, muscle strength as well as physical, social and psychological function were proposed as important domains for a cancer cachexia classification system. It was furthermore agreed that cancer cachexia is to be considered a trajectory and can be classified into the stages, pre-cachexia, cachexia and refractory cachexia.
Staging of cancer cachexia is of importance in guiding treatment decisions and inclusions into clinical trials. Both ends of the cancer cachexia trajectory must be recognized. For instance treatments to prevent or delay the development of cancer cachexia should be initiated early in the trajectory, and thus a clear distinction of the pre-cachexia is needed. In refractory cachexia where the tumour is no longer responding to anticancer treatment and the life expectancy is short, the primary focus should be symptom management and general care according to end of life care guidelines.
These stages were not accurately defined and how these domains should be assessed and operationalized in a classification system remains unclear.
The overall aim of this study was to contribute to the development of a new classification system for cancer cachexia by examining two classification models based on information on weight loss and BMI: (i) a two-group model validating the diagnostic criteria and (ii) a four-group model as a preliminary framework for classifying cachexia into stages. The research questions asked were as follows:
• Is a four-group model better than a two-group model in terms of classifying patients into different stages of cachexia?
• How can factors representing the other key cancer cachexia domains (intake, catabolism and function) contribute to the classification? materials and methods
patients and study design
Patients were recruited from an international multicentre study initiated by the European Palliative Care Research Collaborative (EPCRC) [7] . A crosssectional data collection was conducted from October 2008 until December 2009 in palliative care in-and out-patient units, hospices and general oncology and medical wards in several European countries (Norway, UK, Austria, Germany, Switzerland, Italy, Canada and Australia). Patients were eligible if they were aged ≥18 years and had an incurable metastatic or locally advanced cancer diagnosis. Patients not able to complete assessments due to physical or cognitive impairment or language problems were excluded. The ethical authorities in all participating centres approved the study protocol, and all patients gave their written informed consent.
data collection
Data were collected on touch-sensitive computers (HP Compaq TC4200 1200 tablet PCs made by Hewlett-Packard Development Company L.D.). Details on the lay-out and specifications for the computerized assessment have been presented by the EPCRC previously [8] . Data collection consisted of two parts: one to be completed by the study coordinators and the other part to be completed by the patients. A research assistant was available and provided help as necessary. All data were entered by tapping directly on the computer screen with an electronic pen.
or not) was collected from the patients' medical records by the study coordinators.
Assessments of symptoms were performed using Edmonton Symptom Assessment System (ESAS) [10] which includes nine numerical ratings scales, scoring 0 (no problem) to 10 (worst possible problem), for the symptoms pain, tiredness, nausea, depression, anxiety, drowsiness, appetite, feeling of well-being and shortness of breath.
Information about stature (weight, height), weight loss last 6 months (in kg) and food intake past month (unchanged, changed or less than usual) was provided by the patients using questions from the Scored PatientGenerated Subjective Global Assessment (PG-SGA) [11] .
two-group classification model (model 1)
Patients were classified into two groups based on criteria from the international consensus [6] . Cachexia was weight loss >5% the past 6 months OR any degree of weight loss >2% the last 6 months + BMI <20 kg/m 2 . Patients above or below these cut-offs were grouped as: cachexia and no cachexia.
four-group classification model (model 2)
As a preliminary framework for the staging system for cancer cachexia proposed by the international consensus, a four-group model based on information about weight loss and BMI was used in this analysis. In this model, patients were classified into four weight loss groups (0-III) according to the following criteria:
'No cachexia (group 0)': weight change (± 1 kg) or weight gain 'Pre-cachexia (group I)': weight loss >1 kg, but <5% 'Cachexia (group II)': weight loss >5% the last 6 months, or weight loss >2% the last 6 month + BMI <20 kg/m 2 'Refractory cachexia (group III)': weight loss >15% last 6 months + BMI <23 kg/m 2 OR weight loss >20% last 6 months + BMI <27 kg/m 2 .
To further explore the consensus framework definition of pre-cachexia, a weight loss model adding information from the cachexia domains catabolism (CRP < or >10) and intake (appetite ESAS >3) was tested in terms of survival (model 3).
statistical analysis
Model 1 (two groups) was tested by group-wise comparison of cachectic versus non-cachectic patients with regards to items representing cachexia domains as well as a range of demographic and medical information. For continuous variables, an independent sample t-test was applied and a χ 2 test for categorical variables. In model 2 (four groups), comparisons using a oneway analysis of variance (ANOVA), or a non-parametric equivalent (Kruskal-Wallis test). Ninety-five percent confidence intervals (95% CIs) and P-values are presented. To explore the relationship between cachexia domains and classification model (model 2), candidate items that differed between the groups in the univariate analysis were entered into a multivariate logistic regression by forced entry, and the no cachexia group (group 0) acted as the reference group.
Univariate survival analysis was performed using the Kaplan-Meier method and Cox regression (log-rank tests) to compare survival curves for both models (model 1 and model 2) and for the pre-cachexia model (model 3). In this analysis, survival was defined as time between date of clinical assessment and death. Patients alive on 1 January 2011 were treated as censored.
results
The EPCRC-CSA study included 1070 patients. Nineteen patients were excluded either because they withdrew consent (n = 4) or for technical failure (n = 15). Patients with missing data on body weight (n = 86) and survival (n = 104) were also excluded from the present study.
In total, 861 patients were subject to the final analyses. Mean age for all included patients was 62 years, 53% were males and the mean performance status was 71.7. BMI was 24.2 kg/m 2 and the average weight loss last six months was 3.9 kg. The most frequent diagnosis was cancer of the digestive organs (28%), followed by breast cancer (17%) and cancer of the respiratory organs (16%). The majority of patients suffered from metastatic disease and more than half of the patients were hospitalized (56%).
two-group classification (model 1)
In model 1, 399 patients were classified as cachectic, while 462 patients were non-cachectic. The cachectic patients had a mean BMI 23.0 kg/m 2 and an average weight loss 9.8 kg, while the non-cachectic had a mean BMI of 25.3 kg/m 2 and an average weight gain 1.1 kg. A separate analysis for criteria WL >5% showed that by this criterion alone, 388 patients were classified as cachectic. Ninety-nine patients were classified as cachectic by the other diagnostic criteria WL >2% + BMI <20 kg/m 2 . There was an overlap between these two criteria of 88 patients, leaving only 11 that were not classified by both.
Characteristics for the two groups in model 1 are shown in Table 1 . In the cachectic patients, there were more males than females (59% versus 41%; P < 0.01). In cachectic patients, the most prevalent diagnosis was cancer of the digestive (30%) and respiratory (18%) organs. There were more in-patients among the cachectic patients (53% versus 47%, P < 0.001).
When comparing cachectic versus non-cachectic patients on items representative of the key cachexia domains, higher levels of CRP (44.8 versus 29.6 ml/g; P < 0.001) and appetite loss (3.9 versus 2.6; P < 0.001) and reduced food intake (58.6% versus 29.8%, P < 0.001) was observed for cachectic patients. Cachectic patients had lower scores on KPS than the non-cachectic patients (68.3 versus 74.5, P < 0.001).
four-group classification (model 2)
As shown in Serum concentrations of CRP (catabolism domain) were similar in patients in the no cachexia and the pre-cachexia group (30.3 and 29.3 ml/g, respectively) and were significantly higher in the cachexia group (40.6 ml/g) and the refractory cachexia group (60.6 ml/g, P < 0.001).
The proportion of patients reporting a reduced food intake (eating less than usual) was significantly higher in pre-cachexia, cachexia and refractory cachexia groups (48%, 56% and 47%) The table shows descriptive data on demographics, medical information and items representing key cachexia domains. Data are presented as means and 95% confidence intervals (95% CIs) for continuous variables and as frequencies (n) and proportions (%) for categorical variables. a CRP (n = 628), hemoglobin (n = 737), albumin (n = 671). compared with the no-cachexia group (22%; P < 0.001).
Compared with the no-cachexia group, mean scores on appetite loss were significantly higher in the pre-cachexia group (2.9), cachexia group 2 (3.9) and the refractory cachexia group (4.6, P < 0.001) than in the non-cachexia group. The mean performance status (KPS) was significantly lower in the cachexia group (68.2) and the refractory cachexia group (66.8) compared with scores in the no-cachexia and the precachexia group (75.0; P < 0.001).
Results from the multivariate logistic regression of candidate items are presented in the appendix. Food intake (eating less than usual) was a significant item for all cachexia groups. Appetite loss was a significant item in terms of classifying refractory cachexia (P < 0.05). CRP was not a significant item for the classification into any of the three cachexia groups but a tendency could be seen for the refractory cachexia group (P < 0.065).
survival
The median overall survival for all patients was 207 days. In model 1, the median survival for patients classified as cachectic was shorter than for non-cachectic patients (139 versus 269 days; P < 0.001). There was no significant survival difference, between no cachexia and pre-cachexia (Figure 1) .
A definition of pre-cachexia in a model adding additional factors representing the cachexia domains (model 3) was tested. By adding CRP (>10 ml/g) and appetite loss (ESAS >3) to the <5% weight loss, the median survival was significantly shorter for patients with all three cachexia factors present compared with those with only 0%-5% weight loss (143 versus 377 days; P < 0.001).
discussion
This study shows that patients with cachexia are clearly distinct from patients with no cachexia with regards to the key cachexia domains (stores, nutrition, catabolism and function) and survival (model 1). This underlines the legitimacy of the established diagnostic criteria for cancer cachexia based on weight loss/ BMI. However using weight loss/BMI alone is not sufficient when classifying cancer cachexia from pre-cachexia to refractory cachexia (model 2).
In terms the cachexia characteristics, there appears to be little distinction between the no cachexia and pre-cachexia; this finding is also supported by the survival curves. Classification of pre-cachexia might be better based on additional items. A possible explanation for this is the inaccuracy of body weight measures and lack of information on sarcopenia. If only weight loss is taken into account, some patients suffering from slight muscle loss may be misclassified, because muscle loss can be masked due to fluid retention [12] . A measure of muscle loss by an objective method such as computed tomography, dual-energy X-ray, magnetic resonance imaging may be essential to specifically diagnose pre-cachexia but these methods have so far not been easily available in cancer clinics [13] .
The refractory stage can be considered as cachexia with very poor prognosis, as it is the cancer disease that defines this stage. Unfortunately, there is no simple marker for tumour activity or dynamics readily obtainable, which impedes an easily applicable classification in clinical practice.
Since the publication of the international consensus, two other proposals for classification of patients into cachexia stages have been made. The first, the Cachexia Score (CASCO) weights and sums five different factors: body weight and lean body mass loss; anorexia; inflammatory, immunological and metabolic disturbances; physical performance and quality of life [14] . A validation of the score is awaited. A barrier for the use in clinics may be the rarely available biochemical tests and missing cut-offs.
The clinical relevance of the consensus classification has been evaluated in 207 cancer patients by Vigano et al. [15] . In this pilot study, patients were classified into the three stages by two independent researchers according to different combinations of clinical criteria and biological measurements. The final classification was mainly performed by subjective judgement, which is not easily replicated. Similar to the present study, pre-cachexia was not clearly distinctive but the other stages correlated with differences in patient-reported outcomes and survival. Both of these studies underline the importance of classification to guide treatment, but also the lack of simple indicators to classify patients into the stages. In clinical practice, it is important to have easily applicable measurements/assessments which allow bedside diagnostics. A recent publication highlighted the association of cancer cachexia with symptoms, function, quality of life and survival in a cluster analysis. Prevalence of cachexia varied highly according to different definitions, which indicated once more the need for a classification with clear cut-offs [16] .
limitations
A main limitation is that there was no measurement of muscle mass available. In the nutrition domain, the simple answer of 'eating less than usual' was considered to be sufficiently precise to measure decreased nutritional intake, even though this PG-SGA question has not been validated for this comparison.
In the catabolism domain, CRP was used as the main item as it is the most robust biomarker for cachexia inflammation [4] . CRP is indeed a marker for systemic inflammation, but is neither specific for cancer, cachexia or for tumour activity as it can be influenced by other factors such as infections. Due to the inclusion criteria (computerized assessment), the population of the study is younger and fitter than the average cancer population.
conclusion
In a large international cohort of advanced cancer patients, weight loss and BMI clearly distinguish between non-cachectic and cachectic patients both with regards to all the available domains proposed by the international consensus and with survival. Exploring the possibility to classify patients into four groups representing cachexia stages, using weight loss and BMI only, provides some indication of a possible distinct refractory cachexia group. The pre-cachexia stage might be better defined by additional factors representing the cachexia domain, for instance CRP and appetite loss. A clear definition of pre-cachexia is needed, especially because this group is the target of intervention trials. The next steps in the validation of a cachexia classification should quantify additional factors and investigate the role of muscle mass measurement. 
